The process of ion solvation has been studied in the reversible system using the Van't Hoff equilibrium box. It is shown that the Born formula for solvation energy describes a change in enthalpy rather than in Gibbs energy.
Introduction
Solvation energy is usually taken as the difference in work which results from ion charging in both vacuum and liquid phase due to a mental process [1] . For an approximate, simple estimate of solvation energy, one can use the Born formula [1] according to which the solvation energy (E solv ) is the difference in the energy of charging the sphere of radius a to charge Ze in both vacuum and medium with a dielectric constant ε
where ε 0 is an electric constant, and N A is the Avogadro number. According to Born, (1) is the work obtained by transferring a charged sphere from vacuum to condensed medium. The work manifests itself in solvation heat [1] .
Since the system temperature is constant, the heat emitted passes to a thermostat. It is assumed then that Born has taken solvation energy as the change in either internal energy or enthalpy upon solvation. However, discussing Born's work, the authors [2] assert that without any doubts, value (1) calculated by Born is the maximum work performed by electric forces during ion dissolving. Therefore, in [2] , (1) is equated with the change in the Gibbs energy which allowed the authors [2] to calculate solvation enthalpy as
Equation (1) fails to quantitatively describe ion solvation in numerical form. The advantage is that it can be used to qualitatively estimate the dependence of solvation energy on ion size, medium's dielectric constant, and temperature. It is of importance then to ascertain whether (1) is the Gibbs function or the solvation enthalpy. We will omit here the problems of the applicability of (1), considered, for example, in [3] [4] [5] [6] [7] [8] [9] [10] .
Since the energy of charging is the work, formula (1) is commonly accepted as the change in the Gibbs function upon solvation which causes, however, some doubts for the following reasons.
(1) To calculate the change in the Gibbs function, one should accurately determine the initial and final states of the system. To derive formula (1), the charging of only one particle is considered, and the result obtained is multiplied by the Avogadro number to calculate the charging energy per one mole. As compared with enthalpy, in the initial state, the Gibbs function is pressure dependent, and, in the final state, it depends on ion concentration. Thus, it is impossible to describe the change in the Gibbs function in terms of (1). (2) There is no evidence that formula (1) is sure to describe the change in the Gibbs function rather than the change in other values, for example, in enthalpy.
The goal of the present work is to solve this problem by means of the Van't Hoff equilibrium box (VHEB) proposed by Van't Hoff to derive an equilibrium constant. To this end, the manuals on chemical thermodynamics [11, 12] consider the VHEB as an old alternative of the method of chemical potentials. At present, the VHEB is very useful to solve qualitative problems. Thus, for example, in [13] , the VHEB was used to demonstrate that the reversible work at T, p = Const in the systems, including chemical reactions, arises only due to the thermal energy of the environment, and the energy evolved by reactions is not employed to produce useful work.
Solvation
The change in the Gibbs function between two states of the system is independent of the type of transition between these states. This transition can be either reversible or irreversible. However, to calculate the change in the Gibbs function, the transition should be reversible because, in this case, the calculation of the change in the Gibbs function becomes more available. The reversible solvation process is performed in this paper by analogy as described in [13] for coal oxidation. The system under study is considered ideal. Let us describe first the standard initial and the final states. The final state is the electrolyte solution. Due to Alberty [14] , the standard state of an electrolyte solution is "the hypothetically ideal solution at unit activity in which ions have the properties they do at infinite dilution." We assume then that a standard state of ions in gas is a hypothetical gas at 1 bar, in which the ions have the properties they do at infinite expansion. Thus, in these hypothetical standard states, the electrostatic interaction of ions is cut off which alleviates the calculation of thermodynamic values, describing the process of solvation.
Consider now the solvation process. Gaseous ions are assumed to occupy a very large volume. In addition, the volume of the liquid-phase system is also assumed very large. The system is located in a thermostat. Let us reversibly convert the part of the gaseous system from the initial state into the final one. We calculate the change in the thermodynamic functions upon transition of a hypothetical system from the standard state in the gas phase to that in the liquid state in the course of a conceptual process, consisting of two stages.
Step 1. At step 1 we take 1 mole of ions in the gaseous state at p st = 1 bar and expand the ion gas reversible to pressure p fin , at which the chemical potential of ions in gas becomes equal to that in solution. The reversible process is accompanied obligatory by useful work production (w useful ), and the change in the Gibbs function (ΔG 1 )of the ions is equal to w useful
The change in enthalpy (ΔH 1 ) of ideal ion gas expansion is of the form
The value of p fin is unknown. Value (3) cannot be given in terms of system parameters in the framework of the approach used. Upon expansion, the reversible work is performed which can be converted into the potential energy of the load. The work is performed only by the thermal thermostat energy because, in the system, there are no other energy sources. Thus, the change in the thermostat enthalpy (ΔH 1thrermostat ) during gas expansion at the first step is
Step 2. At the final pressure p fin , we slowly introduce ions from the gas phase to solution through, for example, a semipermeable membrane. In this case, the Gibbs function does not change because of the equality of the chemical potentials of ions in the gas and liquid phases, and, thus,
Hence, the full change in the Gibbs function upon solvation process (ΔG solv ) is equal to useful work of the ion gas expansion during first step
It is worth noting that no relation was established between ΔG solv and formula (1) . The process of solvation results in heat release. The reaction of ion dissolution is similar to that of coal oxidation [13] . The value of the change in the ions enthalpy at the second step (ΔH 2 ) is calculated from (1) because, in terms of the law of energy conservation, the difference in work on sphere charging in both vacuum and liquid should convert into another type of energy, represented in our case, by the solvation reaction heat
Hence, the full enthalpy of solvation process (ΔH solv ) is calculated via the Born formula (1)
The change in the thermostat enthalpy at the second step (ΔH 2thrermostat ) during gas expansion is
The full thermostat enthalpy change in the reversible process is
In the case of the irreversible process (w useful = 0), the full thermostat enthalpy change is equal to
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The change in the Gibbs function (7) cannot be equated to the negative value of solvation energy (1) because the change in the Gibbs function in the reversible process determines the value of useful, reversible work rather than of the heat emitted. Thus, the Born function (1) can be used to calculate only the solvation enthalpy.
